Climate change has changed planting structure greatly in cold regions. Studies are needed that understand the relationship between climate change and agriculture in cold regions and to serve as references for studies of the impact of climate change on agriculture in similar areas. This paper uses Heilongjiang Province as a case study; seven test methods and mutual information were used to analyse the variation trend, abrupt changes and relationship between climate and planting structure.
INTRODUCTION
In recent years, with climate change, heat resources in cold areas (high latitudes) have generally increased. As a result, the agricultural climatic zone has moved northward, causing the agricultural planting structure in cold areas to change greatly (Liu et al. a) . The agricultural planting structure considered in this paper is the proportion of crop planting area in a year or in a production season (Li & Wang ) . In general, the increase in temperature will shorten the crop growth period, and it may also lead to drought, pests and other disasters (Liu et al. b; Yang et al. ; Lin et al. ) . For cold regions, because of the low base temperature, the increase in the temperature can increase the grain yield. For example, studies have shown that temperature and rice yield showed a positive correlation in cold regions; as the minimum temperature increased by 1 degree, the rice yield increased by 3.6% (Zhou et al. ) . Climate warming is not conducive to the production of corn if maize varieties are fixed, and an increase in temperature will lead to the stagnation of corn production. However, for cold areas, an increase in temperature will lead to a prolonged frost-free period, a long growth period and high-yield varieties will increase maize yield. This is also one of the reasons for the continuous increase in the size of the area planted in maize in cold regions against the background of temperature increases (Meng agricultural production in cold regions is different from that in other regions, and in particular for the cold regions with agriculture as the main economic activity, the changes in the climate and agricultural planting structure and the relationship between the two have considerable research value. This paper uses Heilongjiang Province as an example because it is the largest grain-producing and highest-latitude province in China. Taking the climate and planting structure as research objects, change trends and abrupt behaviour were analysed, and the relationship was discussed. The results can provide a reference for similar regional climate effects on planting structure.
In recent years, many scholars have studied the relationship between climate change and agricultural production. In a study on the impact of climate change on agricultural production, the relationship between maize planting structure and climate was studied based on the average resource suitability index, and the results showed that the changes in climate affected the planting structure of maize in northeastern China, which significantly expanded the planting of maize to the north and east (Zhao et al. ) . The effect of extreme temperature on rice yield was quantified, and rice was more sensitive to low-temperature stress than to high-temperature stress (Zhang et al. ) . The relationship between climate change and wheat yield was studied, and it was concluded that extreme temperature was the most important factor that caused the decline in wheat yield; the warming of the climate had a negative effect on wheat production. The increase in temperature and the decrease in precipitation resulted in regional drought, which further reduced the yield of wheat (Tack et al. ) . The effects of climate change on the yields of maize, soybean, rice and wheat were studied quantitatively, and a change in the world yield of 21% could be explained by an agro-climatic index (Iizumi & Ramankutty ) . The effects of integrated climatic factors and other factors on agricultural production have been studied. The effects of climate, groundwater, reservoirs and other factors on agricultural production in Tunisia were comprehensively considered, and the results showed that agriculture in Tunisia is strongly dependent on temperature and precipitation and that groundwater and reservoirs have a positive effect on irrigation agriculture (Zouabi & Peridy ) . In addition to climate change, the impacts of crop variety and management planning on crop yield were studied, and the results showed that the improved crop variety and management plan compensated for the negative effects of climate change (Wang et al. ) . In addition, numerical simulations of agricultural production under climate change have been investigated. In one study, the impact of extreme weather on Chinese agricultural production was simulated based on the Reliability Ensemble Average method (Sun et al. ) . In other research, the effects of climate change on rice growth and yield were simulated under two planting methods and water stress conditions (Sumathi et al. ) , and the effects of climate change on rice, wheat yield, water and nitrogen balance were simulated (Jalota et al. ) . Furthermore, studies regarding the identification, optimization and prediction of agricultural planting structure have been conducted. Based on remote sensing data and a spatial production allocation model, three main crops -rice, wheat and maize -were identified in China, and the results showed that maize had higher precision (Tan et al. ) . In other work, to maximize the efficiency of the Irrigation District, the agricultural planting structure in the Shandong area of China was optimized (Zhang et al. ) . Another study used four methods to predict the distribution of maize on dry land based on climate and soil conditions and compared the results with the actual spatial distribution (Estes et al. ) . In addition, based on the sensitivity of wheat to water and temperature, the effects of climate change on rainfed wheat yield were predicted under the IPCC SRES A1FI and B1 climate change scenarios (Mosammam et al.
).
Few studies have investigated the relationship between climate change and planting structure in cold regions and main grain-producing areas. With climate change, especially change in temperature, the cold area cropping system and planting structure have undergone great changes, and these changes are more extensive in major grain-producing areas than in other areas. This paper uses Heilongjiang Province as an example because it has the highest latitude, the highest grain yield and the largest area of arable land in China. With precipitation, annual mean temperature, annual mean minimum temperature and annual mean maximum temperature as climatic factors, the proportions of rice, wheat, corn and soybean planting area indicated the planting structure. The change trend and abrupt changes in climate and agricultural planting structure in Heilongjiang Province were analysed; the relationship between climate change and the change of agricultural planting structure in Heilongjiang Province was investigated. The results can provide a reference for the changes in regional climate and planting structure as well as the effects of climate change on the planting structure in cold regions. collected. For analysis, the daily precipitation data were summed for each year to obtain the total annual precipitation, and the mean daily temperature data were averaged for each year to obtain the average annual temperature.
MATERIALS AND METHODS

Study area
The planting area of rice, wheat, corn and soybean was obtained from the Heilongjiang Statistical Yearbook of 1987-2015. Planting structure was measured as the proportion of crop planting area to total sown area. In the following analysis, the time scale of the data sequences is annual.
Methods
Variation trend
The Mann-Kendall test is recommended by the World Meteorological Organization and has been widely used to study variation trends in hydrological and meteorological sequence data (Mann ; Qiu et al. ). The method is suitable for non-normal, incomplete and a few abnormal data sequences and does not require the sample to follow a certain distribution. The Mann-Kendall test is calculated as follows:
where x j and x k are the j-th and k-th values, respectively; j > k; and n is the length of the sequence:
The standardized test statistic was calculated as follows:
where var(S) ¼ n(n À 1)(2n þ 5)=72, the confidence level is α, and jZ MK j > Z 1Àα=2 indicates a significant change in the sequence; otherwise, there is no significant trend in the sequence. The change trend is determined using Sen's method (Ghosh & Sen ):
where β > 0 indicates that the sequence has a rising trend, and β < 0 indicates that the sequence has a downward trend.
Detection of change points
To avoid the possibility of biased results, this paper uses the detection method for seven types of change points (Lei et al.
; Zhang et al. a). The Mann-Kendall test, the moving F test, the moving T test, the Lee Hamelin test, R/S
test, the Brown-Forsythe test, and the sequential cluster test were used for the detection of change points. The mode of seven results was used as the final change point.
Brief descriptions of the seven methods follow.
The Mann-Kendall test: The following statistic is defined:
where
. By taking the sequence in reverse order and repeating the above process, we obtain:
If the two curves intersect and this intersection lies between the critical lines, then the intersection point indicates a change point.
The moving F test: x 1 , . . . , x n1 and y 1 , . . . , y n2 are two sequences before and after the change points. The F statistic is defined as:
, S 1 , S 2 are the sample variances. By moving the point, we obtain a series of F values, and the boundary point that yields the largest F value is the change point.
The moving T test: This test is similar to the F test. The T statistic is defined as:
where x 1 , x 2 are the sample means. By moving the point, we obtain a series of T values, and the boundary point that yields the largest T value is the change point.
The Lee Hamelin test: A posteriori probability density function is defined as follows:
. The boundary point that yields the largest f(τjx) value is the change point.
The R/S test: The following statistic is defined:
, H is the Hearst index. x 1 , . . . , x n 1 and y 1 , . . . , y n 2 are two sequences before and after the change points. For the two sequences before and after the dividing point, the H 1 and H 2 values are calculated:
The boundary point that yields the highest ΔH value is the change point.
The Brown-Forsythe test: The following statistic is defined:
where x is the sample mean, and S 2 i is sample variance. The boundary point that yields the highest F value is the change point.
The sequential cluster test: The following statistic is defined:
The boundary point that yields the highest S(τ) value is the change point.
Correlation
Mutual information represents the amount of information shared between two or more variables, which can then be used to measure the correlation between the two variables.
The greater the information shared by the two variables, the stronger the correlation between the variables. The greater amount of mutual information represents a stronger correlation. Furthermore, in addition to measuring a linear relationship, mutual information can also measure a nonlinear relationship, which is a major advantage of mutual information relative to other statistical indicators (Granger & Lin ) . In addition, it can measure the complex nonlinear relationship between climate and agriculture (Chen et al. ) . This is also the reason mutual information is used as a measure of the relationship between climate and planting structure in this study. In this paper, the calculation method of mutual information is proposed by using Sharma (). The mutual information between X and Y is as follows: 
RESULTS AND DISCUSSION
Variation trends of climate and planting structure
Variation trend of climate
The method described in the section 'Variation trend' was used to test the trends of precipitation, average temperature, minimum temperature and maximum temperature of 13 cities in Heilongjiang. The results are shown in Figure 2 .
As shown in Figure 2 , in terms of precipitation, with the exception of the trend in Daxinganling, the precipitation trends are not significant. In terms of temperature, the average temperature, the minimum temperature and the maximum temperature of each region exhibited a significant increasing trend. The increases in the average temperature and the minimum temperature were higher than the maximum temperature; in particular, the increase in the minimum temperature was clear. From the regional differences, the rising trend of temperature in the southeast region is higher than in other regions.
The annual average rainfall in each area of Heilongjiang
Province is between 400 and 800 mm, and the general pattern is more precipitation in the central and southern parts and less in the east, with the smallest amount in the west and north. There is an uneven distribution of rainfall during the year, mainly concentrated in 6-9 months, accounting for 65%-85% of the full year. The interannual variability in precipitation is greater, and the regularity is not significant. In the temperature change, with the increase in global temperature, the temperature in cold regions also increases, and at the latitude of 45 degrees, the global warming rate is higher than the global average (Meng et al.
).
The temperature change in Heilongjiang Province is consistent with this general pattern, and the rising trend of minimum temperature is particularly obvious.
Variation trend of planting structure
The planting structure trends of rice, wheat, corn and soybean in different regions of Heilongjiang are shown in Figure 3 .
As shown in Figure 3 , the proportions of rice and maize had a significant increasing trend in the province, whereas the proportion of wheat showed a significant downward trend. For soybean, the planting area in the northern regions of Daxinganling, Heihe, Yichun and Qiqihar significantly increased, while in other areas, the change trends were not significant. In most parts of the province, although there was an increasing trend of rice and maize, the increasing trend of rice was significantly greater than that of maize.
Climate change is one of the factors that has affected the change of planting structure in this region. The increase of temperature caused the agricultural climate belt to shift northward. The temperature of cold regions generally increased, such that rice became increasingly suitable for planting; however, the increase in temperature was not favourable for wheat production. Due to the prolonged frost-free period, high-yield maize varieties become suitable for planting, and the sown area of maize continuously increased. Other factors also affected the planting structure.
The economic benefits of rice are higher than those of maize; therefore, the increasing trend of rice is greater than of maize, driven by economic interests. For soybean, due to its lower production capacity and the role of the government in driving soybean cultivation, the change in soybean is more complex and awaits further study.
Abrupt changes in climate and planting structure
Abrupt changes in climate
The method described in the section 'Detection of change points' was used to detect the abrupt change point of the climate data sequence, as shown in Figure 4 .
As shown in Figure 4 , in the southern region, most of the precipitation change points focus around the 1960s, while those in the northern region are mainly concentrated in Before and after the change point, the trend of climate change is shown in Figure 5 .
As shown in Figure 5 , in terms of precipitation, the variation trends before and after the change points were not significant in the whole area. The minimum temperature maintained a more significant increase before and after the change points. The average temperature in the northern region increased significantly before the abrupt point, and it was not significant in the other regions. In most parts of the province, the maximum temperature changes before and after the change points were not significant. It is noteworthy that after the change points, the average temperature and the maximum temperature in some areas exhibited a downward trend, but the trend was not significant. here should be used to understand the factors underlying precipitation change. In contrast, the pattern of temperature change is more obvious, change points are more concentrated, and the trends before and after the change points are consistent. These changes are related to global warming.
Especially at the lowest temperature, the change trends before and after the point both show strong and significant upward trends, whereas at the maximum temperature, although the trends are increasing ones, they are weaker than those of minimum temperature. These findings indicate that minimum temperature is more sensitive to climate change than is maximum temperature.
To observe the abrupt behaviour and change trend of climate change in the whole study area, the data of various regions of the whole province were integrated and the climate change characteristics of Heilongjiang Province were drawn, as shown in Figure 6 .
As shown in Figures 2, 4 and 5, the trend of precipitation was not significant, with an irregular distribution of change points. However, as evident in Figure 6 (a), the precipitation in the whole province exhibited periodic variation, which indicates that a shorter study period is more appropriate for studying abrupt changes in precipitation and change trends to identify patterns of change. The average temperature, minimum temperature and maximum temperature showed increasing trends, and abrupt changes were obvious (Figure 6 (b)-6(d)).
Abrupt changes in planting structure
The method described in the section 'Detection of change points' was used to detect the abrupt change point of the planting structure data sequence, as shown in Figure 7 .
As shown in Figure 7 , the rice planting area showed more complexity in the pattern of change points than did the other types of planting areas, and the change in the southern area was mainly concentrated in the 1990s, whereas in the central region, the change was mainly con- The trends of planting structure change before and after the change points are shown in Figure 8 .
As shown in Figure 8 , the change trend before and after the change points and the trend of the total change were consistent. Before and after the change points, rice maintained a strong increasing trend. In addition, the trend of the southern area after the change points was stronger than that before the change point. Wheat maintained a downward trend before and after the change points. Maize also maintained an increasing trend, but its intensity was significantly lower than that of rice. The pattern of soybean before and after the change points was not strong, and most of the changes in the trend were not significant.
From Figures 7 and 8 , it is apparent that the change points of rice were not consistent among different regions;
however, there were significant increasing trends before and after the change points. These results are due to climate change, which increased the suitability of the cold region for planting rice. In addition, the higher economic benefit of rice contributed to the increase in the rice planting area.
For maize, the change trends of some areas after the change points are not significant; excess production and lower prices compared with those of rice are possible reasons. In wheat, there were large downward trends before and after the change points due to the increase of temperature, which was disadvantageous to wheat growth and yield. The change trends of soybean were complex, and the soybean production capacity is low. However, due to concerns over genetically modified food and other issues, soybean is more involved in food security issues.
Soybean planting in many areas is controlled by the government, and policy issues are a main factor affecting soybean planting.
To observe the abrupt behaviour and change trend of the planting structure change from the whole study area, the data of various regions of the whole province were integrated, and the climate change characteristics of Heilongjiang Province were plotted, as shown in Figure 9 . As shown in Figure 9 , the province's rice and maize planting areas showed significant increasing trends, which is consistent with the change trend in the province's temperature. The change trend of rice is more pronounced than that of maize, which is consistent with the change in each region. The wheat planting area was obviously decreased, in contrast to the change in temperature. For soybean, the change trend is not strong and a downward trend is evident in recent years, which is consistent with the results of the previous analysis. In contrast, the pattern of change in planting structure is more obvious than that of climate change, which indicates the change of planting structure is dominated by human subjectivity, and the regularity of human activities is more significant.
Relationship between climate and planting structure
The method described in the section 'Correlation' was used to analyse the relationship between climate and planting structure, as shown in Figure 10 .
As shown in Figure 10 , with respect to climate, the relationships between each of precipitation and rice, maize and soybean were strongest in the eastern part of Heilongjiang Province, and the relationship between precipitation and wheat was strongest in northern Daxinganling and Heihe. The eastern part of Heilongjiang Province lies within a relatively humid region, and the regional agriculture is more dependent on water resources. The relationship between the average temperature, the minimum temperature and the planting structure was stronger than that with the maximum temperature, and the relationship between temperatures and planting structure in the south was stronger than that in the north, which shows that the temperature, especially the lowest temperature, is the main factor affecting the planting structure in Heilongjiang. For agricultural production, the increase in temperature is not a favourable factor (Tack et al. ) . However, for a cold area, the increase in temperature can prolong the frost-free period and lengthen the growth period, and high-yield varieties become suitable for planting due to technological advantages that offset the adverse effects of climate change (Meng et al. ) .
From the perspective of planting structure, the relationships between rice, wheat, maize and climate are stronger than those involving soybean. The effect of temperature on rice was stronger than that of precipitation, and the effects of the average temperature and the minimum temperature on rice were stronger than the effect of maximum temperature. The increasing of temperature is the main factor affecting rice cultivation in the highest-latitude province in China. With the increase in temperature, the rice planting belt in China has moved to the north significantly, making the northern cold region increasingly suitable for rice cultivation, and the results of this paper confirm this trend (Liu et al. b) . Wheat planting showed a significant downward trend because increases in temperature are not conducive to the production of wheat (Yang et al. ) . The changes in maize were closely related to temperature, and the increase in temperature prolonged the growth period of maize, but the increase in corn production only indirectly benefitted from the change in temperature (Meng et al. ) . Unlike the other three crops, the relationship between soybean and climate is more complex. In reality, the soybean production capacity is low. China relies to a large extent on imports for soybean, and soybean is more closely related to national food security (Yan et al. ) . Therefore, the change in soybean is more complex, and it is worth studying in depth.
Temperature is the main factor that influences the change in planting structure (Figure 10 ), and it is generally believed that the rise in temperature is unfavourable to agricultural production but is beneficial in cold regions (Meng et al. ; Zhou et al. ) . Therefore, determining how to use the benefits of climate warming to improve food production in cold regions is a problem that is worth studying.
However, the temperature rise will bring increased evaporation and drought risk and aggravate pest problems (Bhagirath et al. ; Zhang et al. b) . Therefore, the combination of natural factors, such as precipitation, and the threshold effect of temperature on local agriculture is also a direction for future research.
CONCLUSIONS
Using Heilongjiang Province in a cold region of China as a case study, the variation trend, abrupt behaviour and the relationship between climate and planting structure were analysed, and the conclusions are as follows:
(1) With the exception of precipitation change in Daxinganling, precipitation changes in the areas of Heilongjiang Province were not significant. The temperature showed a significant upward trend in the whole area, and the minimum temperature and average temperature rise are higher than the maximum temperature rise; in particular, minimum temperature increases to a great extent. Overall, the rising trend of temperature in the southeast region is higher than that in other regions.
(2) The proportions of rice and maize planting areas showed a significant upward trend, and the trend of rice was the most obvious. Wheat showed a significant downward trend. Soybean in the northern region exhibited a significant upward trend, while the trend was not obvious in other areas.
(3) Change points of precipitation have large regional differences, and the pattern is not obvious. The change points in temperature occurred in the 1980s. The change trend was not obvious in rice and soybean, while the change point in wheat was concentrated in the late 1990s and that in maize was probably around 2010. Before and after the change points, the trends of climate and planting structure change were generally consistent.
(4) The relationship between temperature and planting structure was stronger than the relationship between precipitation and planting structure, and the relationships between planting structure and each of minimum temperature and average temperature were stronger than the relationship between planting structure and maximum temperature. These results reflect the influence of temperature, especially that of minimum temperature, on agricultural production in cold regions. With respect to crops, the relationship between rice and climate change was the closest, showing a significant increasing trend, which indicates that climate change makes cold regions increasingly suitable for rice cultivation.
